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[57] ABSTRACT

A brazing alloy composition for joining chromium con-
taining base metal alloys containing, by weight, palla-
dium about 39%-60%, nickel about 209%-47.5%, and at
least one element selected from the group consisting of
silver 0-35%, tin 0-32%, indium 0-32% and gallium
0-11%; and optionally containing one or more elements
selected from the group consisting of gold 0-10%, ger-
manium 0-4.4%, silicon 0-2.9% and about 0.025% of a
known deoxidizer such as-lithium. The alloy exhibits
good wetting and flowing characteristics and has excel-
lent strength and corrosion resistance at elevated tem-
peratures. The brazing alloy is particularly useful for
joining chromium containing baese metal alloys of the
type Which are used in the porcelain-fused-to-metal
technic in dental prosthetics.

12 Claims, 1 Drawing Figure
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1
HIGH TEMPERATURE BRAZING ALLOYS

BACKGROUND OF THE INVENTION

This invention relates to the art of metal alloys, and
more particularly to a new and improved brazing alloy
for joining chromium containing base metal alloys used
in high temperature environments.

Chromium containing base metal alloys were origi-
nally developed for use in the fabrication of compo-
nents for aircraft engines as a result of the need for
alloys having optimum high temperature mechanical
strength and corrosion resistance. In recent years these
alloys have been used successfully in other high temper-
ature industrial applications and have acquired consid-
erable importance in dentistry for porcelain-fused-to-
metal restorations, primarily due to the greater cost of
gold and other precious metals.

Chromium, which is present in a substantial propor-
tion by weight in these alloys, enhances the corrosion
and tarnish resistance of the alloy. Nickel, the element
present in a major proportion by weight, is employed
not only for its resistance to corrosion but also because
it serves as a good host for the chromium. A good host
material for chromium is necessary to enable the alloy
to be utilized in precision casting. In particular, of the
three known bases for chromium in alloys of this gen-
eral type, i.e. cobalt, iron or nickel bases, nickel is pre-
ferred because it provides better workability of the
resulting alloy, a lower melting temperature of the al-
loy, and greater precision of casting as compared to the
other two bases.

The brazing or soldering (as it is commonly known in
dental terminology) of such base metal alloys, particu-
larly those of the nickel-chromium type, has always
presented numerous difficulties. This is true, not only in
dentistry, but in other industries as well.

In the past, platinum group metal alloys and combina-
tions of gold, platinum and palladium have been used
for dental applications where porcelain js to be fired on
the soldered parent metal after soldering has taken
place. Gold and platinum containing brazing alloys are
too expensive to use where nickel-chromium parent
alloys are used for their low cost. In addition, gold in a
brazing alloy can alloy by diffusion with the parent
metal and the resulting gold-nickel alloy will fuse or
melt at about 950° C. (1740° F.) causing the soldered
bridge to sag when porcelain is later applied to the
casting by fusion up to about 980° C. (1800° F.).

When nickel-chromium base solders are employed to
join nickel-chromium parent alloys, additional prob-
lems arise. These problems are related to the strong
tendency of both the brazing and parent alloys to oxi-
dize during heating to the brazing temperature. The
oxide formed is so refractory and so protective that a
joint can only be made under very stringent conditions
with a very strong flux. If the pieces to be joined and the
brazing filler metal are not protected from oxidation by
atmosphere control or proper torch flame during heat-
ing, no amount of flux will clean away the oxide suffi-
ciently to make a perfectly brazed joint. If flux is used
during heating to protect from oxidation, the nickel-
chromium filler metals may lack the fluidity and wet-
ting capability to displace the flux without mixing with
it.

Various heat resistant non-gold precious metal alloy
systems comprising palladium and nickel as the
predominent elements have been developed in an at-
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tempt to provide an improved soldering alloy which
would overcome the foregoing difficulties, however,
none of these compositions have been entirely success-
ful. For example, U.S. Pat. No. 2,815,282 discloses a
nickel-palladium-manganese alloy containing from
16%-40% manganese. Due to the amount of manganese
present, the resulting alloy has reduced tarnish and
corrosion resistance and exhibits increased oxide forma-
tion. U.S. Pat. No. 3,070,875 discloses a nickel-pal-
ladium alloy combined:with up to 3.5% of either silicon
or beryllium. Again, the alloy produced is unsatisfac-
tory due to its significantly decreased melting tempera-
tures and hot shortness. In addition, the silicon has the
potential to lower the solidus to 800° C. (1470° F.) U.S.
Pat. No. 3,277,150 and French Pat. No. 1,375,498 dis-
close adding about 2% to about 9% of titanium to the
nickel-pailadium. However, this combination results in
excessive refractory oxide formation which is difficult
to avoid or remove. U.S. Pat. No. 3,597,194 discloses a
nickel-palladium-zirconium alloy developed specifi-
cally for its brittleness making it suitable for comminu-
tion into a powder form.

Although the disclosure which follows deals specifi-
cally with a new brazing alloy composition for dental
use, it is to be understood that such compositions will
have particular significance in many other industries
where it is desirable to successfully solder or braze base
metal alloys which are exposed to high temperature and
high corrosion environments.

SUMMARY OF THE INVENTION

1t is, therefore, a primary object of the present inven-
tion to provide a new and improved brazing alloy for
joining chromium containing base metal alloys.

It is a further object of this invention to provide such
an improved brazing alloy having sufficient strength to
withstand subsequent heating to high temperatures
without undergoing any significant distortion or sag-
ging.

It is a further ‘object of this invention to provide such
an alloy having a bond strength comparable to the
strength of the parent metal.

It is a further object of this invention to provide such
an alloy having the ability to become molten in the
proper temperature range.

It is a further object of this invention to provide such
an alloy having sufficient flow characteristics, namely
the ability to flow below the solidus temperature of the
parent metal.

It is a further object of this invention to provide such
an alloy having sufficient fluidity to completely displace
the flux coating without mixing with the flux.

It is a further object of this invention to provide such
an improved brazing alloy which does not readily alloy
with the parent metal to form a lower melting alloy.

It is a further object of this invention to provide such
an alloy having little or no porosity in the soldered area.

It is a further object of this invention to provide such
an alloy which is as tarnish and corrosion resistant as
the parent alloy.

It is a further object of this invention to provide such
an alloy which can provide a strong connection be-
tween two chromium containing castings.

It is a further object of this invention to provide such
an alloy having the ability to properly wet chromium
containing base metal alloys of the type which are used
in the porcelain-fused-to-metal technic in dental pros-
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thetics. It is a further object of this invention to provide
such an alloy having a solidus temperature above the
temperature used to fire porcelain on the parent metal.

1t is a further object of this invention to provide such
an alloy having good porcelain compatibility.

It is a further object of this invention to provide such
an alloy having thermal expansion and contraction
characteristics compatible with porcelain.

It is a further object of this invention to provide such
an alloy having the ability to withstand the corrosive
conditions of the mouth.

It is a further object of this invention to provide such
an alloy having sufficient mechanical strength to with-
stand the masticatory forces of the mouth.

It is a further object of this invention to provide such
an alloy which does not cause the discoloration of por-
celain when it is fired onto a brazed joint formed be-
tween two chromium containing dental castings.

"The present invention provides an improved brazing
alloy incorporating the following ranges of constituents
in percentages by weight: palladium 39%-60% and
nickel 20%-47.5% as the major alloying elements and
at least one element selected from the group consisting
of silver 0-35%, tin 0-32%, in dium 0-32% and gallium
0-11%, and optionally, one or more elements selected
from the group consisting of gold 0-10%, germanium
0-4.49% and silicon 0-2.9%, along with trace amounts of
known additives and incidental impurities. The brazing
alloy of the present invention possesses enhanced wet-
ting and flowing characteristics at brazing temperatures
and exhibits good mechanical strength at elevated ser-
vice temperatures.

BRIEF DESCRIPTION OF THE DRAWING

The FIGURE is a pseudo-ternary diagram showing
the relationships existing between the elements nickel,
palladium, silver and tin within the preferred composi-
tion ranges claimed. *

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

This invention is directed to improved brazing alloy
compositions suitable for use in an elevated temperature
environment, wherein the base members to be joined
are of the chromium containing type such as those used
in dental prosthetics. Broadly, the brazing alloy of this
invention is essentially free from incidental impurities
and contains, by weight, palladium 39%-60%, nickel
20%-47.5% and at least one element selected from the
group consisting of silver 0-34%, tin 0-32%, indium
0-32% and gallium 0-11%; and optionally one or more
elements selected from the group consisting of gold
0-10%, germanium 0-4.4% and silicon 0-2.9%; com-
bined with trace amounts of known additives such as
deoxidizers, grain refiners and the like normally used
for such purposes.

Preferred brazing alloy compositions are those which
contain, by weight, palladium 39%-60%, nickel
209%-47.5%, silver 3.2%-35% and at least one addi-
tional element selected from the group consisting of tin
0-31.6%, indium 0-18.7% and gallium 0-11%; and
optionally one or more elements selected from the
group consisting of gold 0-10%, germanium 0-4.4%
and silicon 0-2.9%; along with trace amounts of known
additives such as deoxidizers, grain refiners and the like
normally used for such purposes.

A still more preferred composition, according to this
invention, contains palladium 39%—60%, nickel
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4
20%-47.5%, silver 3.2%14 35% and tin 0.3%-31.6%
wherein as the amount of silver decreases, the amount
of tin increases and the total combined amount of both
silver and tin is at least 3.5%. ,

An especially useful alloy composition within the
broad range of constituents, according to this invention,
contains about 53.5% palladium, about 35.6% nickel,
about 7.1% silver, about 3.8% tin and about 0.025% of
a known deoxidizer.

The successful soldering alloy for dental applications
must exhibit satisfactory wetting and flowing character-
istics, and must have sufficient mechanical strength and
corrosion resistance at elevated temperatures. In partic-
ular, the solidus temperature of the brazing alloy must
be higher than the temperature at which porcelain is
fired onto the casting. One particular porcelain used for
this purpose is normally fired at about 1800 F. Accord-
ingly, the joining alloy would require a solidus tempera-
ture above 1800° F. if it were to be used in conjunction
with this particular porcelain. Moreover, the brazing
alloy has to have a liquidus temperature below the soli-
dus temperature of the parent metal used in the castings
to enable the soldering operation to be carried out with-
out detriment to the casting members being joined. It is
not unusual for such a parent composition. to have a
solidus temperature of about 2425° F. Consequently, the
brazing alloy must flow below this temperature.

While combinations of palladium and nickel alone
could fulfill some of the aims of this invention with
respect to melting temperature, the alloy produced by
this combination would lack the enhanced flow proper-
ties which are characteristic of the brazing alloy formu-
lated according to this invention. Moreover, such a
binary composition produces a brazing alloy having a
melting range which is too high (2200° F.-2230° F.) for
use with nickel-chromium alloys containing beryllium.
The use of beryllium in nickel-base alloys has become
very popular because beryllium increases the castability
and lowers the melting range of the parent alloy making
it easier to melt and cast. Ideally, a high temperature
brazing alloy for use with such beryllium containing
alloys should have a melting range from about 1810°
F-2185° F., and more preferably between 1950°
F.-2110° F.

It has now been discovered that certain specific ele-
ments when added to nickel-palladium base alloy sys-
tems result in an alloy having a lower melting tempera-
ture than normally expected with combinations of
nickel and palladium alone. Moreover, it has further
been discovered that these certain specific elements
added to nickel-palladium alloys will produce an even
greater effect on the lowering of the melting tempera-
ture of the resultant alloy than would be expected from
adding these specific elements individually.

Referring now to the drawing FIGURE, point A,
which in a normal ternary would represent 100% of a
single element, is an alloy of palladium and nickel where
the palladium is equal to from about 0.9-3.0 times the
amount of nickel. Line A-B is part of a simple ternary of
siliver-nickel-palladium where silver is contained up to
about 35%. Line A-E is part of a simple ternary of
nickel-palladium-tin where tin is contained up to about
329. The triangle A-B-E is the section of the pseudot-
ernary of interest. Along the line B-E and along any
other parallel line to B-E within the triangle, as the
amount of silver decreases, the amount of tin increases
and vice versa in the reverse direction. Line C-D is in
effect a valley where the solidus temperatures of alloy
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combinations near this line (C-D) have lower values
than those occurring along lines A-B and A-E. In other
words, specific combinations of silver and tin added to.
the palladium-nickel alloy produce a new alloy system
having melting temperatures which are lower than
those produced by the addition of either silver or tin.
alone. :

The addition of silver to nickel containing alloys has
generally been avoided in the prior art except where
one or the other of these elements are present in only
minor amounts. For example, British Pat. No. 886,591
discloses an alloy composition wherein the silver con-
tent is limited to not more than 5%. The reason for such
limitation is the general immiscibility of liquid silver
with liquid nickel and the inability of liquid silver to
sufficiently wet solid nickel. However, it has now been
discovered that the combination of palladium, nickel
and siliver allows considerably more silver to be used
and neither problem results. Moreover, the presence of
the silver lowers the solidus (and liquidus) from the high

palladium-nickel value. Furthermore, the resulting sil- .

ver-nickel-palladium alloy will not diffuse readily into
the nickel-chromium alloys, has 1mproved ﬂuxdlty and
wetting ability, does not oxidize and is corrosion resis-
tant. As a result, the sﬂver-palladlum-mckel alloy com-
position produces a soldering alloy which is less sensi-
tive to variations in technic which serves as an ald to
dental technicians having ordmary skill.

Where silver is added as the sole. mgredlent to the
palladlum-mckel alloy, it is recommended that the silver
be present in an amount from between 3.2%-35% and
preferably from between about 4. 8%—35% by. welght of
the total alloy composition. In general the most pre-
ferred alloy compositions are those wherein the silver is
present in an amount above 6.0% of the total comp051-
tion.

When tin is added as the sole ingredient to the palladl-

um-nickel mixture, it is recommended that tin be incor-.

porated in an amount preferably between about
4.4%-31.6%. Tin lowers the solidus (and llquldus)
without producing hot shortness. It aids in wetting and
does not form a difficult oxide. In addition the presence
of tin helps to improve the tarnish and corrosion resis-
tance of the resulting alloy. '

The most preferred alloy system, accordmg to th1s
invention, will contain a-combination of silver and tin.
As mentioned above, when both elements are combined
with the nickel-palladium mixture, the resulting alloy

will have a lower melting temperature than could be.

produced by the addition of either silver or tin alone.
Furthermore, the relatlonshxp between the amount ‘of
silver and tin utilized is such that as the amount of silver
present in the alloy ‘decreases, the amount of tin in-
creases and vice versa. The total combined amount of

silver and tin should be at least 3.5% by weight and’

preferably between about 49%-30% by weight of the
total alloy.

The drawing FIGURE represents the temperature
lowering effect of various amounts of silver and tin on
nickel-palladium alloys. However, it has also been dis-
covered that other specific elements, when added to
nickel-palladium alloys, may have a similar, although
less pronounced effect on the nickel-palladium melting
point. For instance, it has been shown that indium can
be substituted either partially or totally for the tin. As a
result of using indium, the new alloy composition exhib-
its higher solidus and liquidus temperatures which tem-
peratures increase as a direct effect of the amount of
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indium added. When the indium is substituted for rela-
tively small amounts of tin up to about 3.5%, there
exists an apparent 1:1 substitution relationship. How-
ever, at-higher levels, relatively more indium will be
required to produce the same degree of temperature
lowering as that produced by tin alone.

Although not preferred, it is also contemplated, as
within the scope of this invention, to replace both the
silver and tin with indium. When indium is used alone as
the sole additive to the nickel-palladium mixture, the
minimum amount required is about 6% by weight of the
total. Indium possesses the same attributes as tin and
also improves the fluidity of the resultmg soldering
alloy.

Similarly, gallium may be used either as a complete
replacement or a partial replacement for the silver and-
/or tin. When used as the sole additive to the’ palladium-
nickel mixture, the minimum amount of gallium re-
quired is about 3.5% by weight. Gallium may also be
used as a partlal substitute for the silver and/or the tin
althoughit is not as effective, as it lowers the solldus too
rapidly.

In addltlon, various other elements i.e. namely gold,
germanium and silicon may be used as optional, partial
substitutes for the silver and/or the tin, but such substi-
tutions do.not produce soldering alloys having all of the
beneficial properties as those produced by ‘alloys con-
taining palladium-nickel-in combination with silver and
tin. The substitution of gold, although effective, is unde-

sirable due to economic factors. Furthermore, the usé of

pure silicon with palladium and nickel is also undesir-
able as it would produce an alloy having hot shortness
and an increaséd tendency to fracture.

The brazing alloys of the present invention are made -
according to standard melting procedures and may be
formed into strips; wires or rods. Alternatively, the
brazing alloys may be produced as a powder which may
be supplied to technicians either alone or in combina-
tion.with.a paste flux.

The brazing alloys, according to this invention, are
illustrated further by the following EXAMPLES 1-74 -
set out below in Table I, giving the composition of each
alloy, together with its melting range. All of the alloy
compositions illustrated were made by known mductmn

'melting procedures.
TABLEI _
oo S : " .. .. Melting
Example Pd Ni' Ag'’ Sn ."In" Others -, Range°F,
1 539 1359 102 2060-2150
2 - 524349 127 2030-2120°
3 . 5097339 152 . 2030-2115
4 495 329 17.6 2020-2120
5 482 321 197 2020-2120
6 469 312 209 ° 2020-2125
7 4570 3047 239 2020-2125
8 44.6 . 29.7 257 ©2020-2130
9 60.0 200 -20.0 .. 2040-2125
10 50.0 25.0 250 2020-2105
1 450 275 275 2000-2120
12 400 300 300 - 1970-2150
13 415 475 50 2100-2210
14 - 450 450 100. 2090-2190
15 425 425 150 1980-2180
16 400 400 200 1980-2180
17 © 459 306 235 2030-2130
18- 433 289 278 2030-2150
19 410 274 316 2020-2130
20 39.0 260 350 . 2000-2120
21 556 370 14 2050-2180
22 U571 381 48 2060-2180
23 5457364 91 . 2050-2150
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TABLE I-continued L
s : : Melting -
Example “Pd’ " Ni ° Ag Sn In Others . Range °F.
24 574 382 4.4 2085-2185
°25 56,5 317 5.8 2060-2165 -
26 55.7 37.2° 71 ”2050—2150
27 1 549 366 ... - 85° . 204552130
28 ., 534 .356 . 110 . 2030-2110 .
39 50.6. 33.8. 156, . , +:2055-2080 ;
300 481 ‘321 . N " 2060-2065
=31 481 306477 236 - N "2060-2065
32: 410 274 i 316 0:.2.2020-2040"
033 ., 548 364, 73 15 3055-2130"
34 539359 72 30. 1990-2130 ",
T35 531 354 710 44" 19702115
36 535 356 71 38 1950-2110 °
L3770 0532, 35.4: .32 1827 Gl v 1950-2100
38, .. 514,343, .63, .80 sk L 100193022008
39 0 499.333 91 17 .,+1930-2075
407 516 344 69 11 77 1940-2080
41 7502 T334 67 9T 119302070
S42.00n 488 3250 .6.5.4122 : 1930-2060° .
43, 416 3L6.:.63 145 .y +1930-2080
44 463" 308. 62 167 ‘191052060 .
45 452 3010 60 187 1940-2080
46 293 59 207 1980-2140 '
K- 7a% 28.6 5.7 226+ :11960-2080
48 . 280, 5.6, 244 Lty 11930-2040
49 _ 366 ., . 85 ., . 2040+2090,
507 1356 0 7.1 38 ,,2060-212Q .
St 325 7 65 < 122° *2050-2110
52 o, ©30.1 . 600 187 7. 20602150 ¢
©53. .. ..534 356 7d.: 10 29 1980-2065
54 496 327 7.1 10 .96, e 1930-2075 ;-
785 7 496 327 70,7100 7 Au 9.6 . 1990-2100
5677 s 3647 T3 “Ga 15T 2000-2150 T
57 .0 539 35900 72 “Ga 3.07°  1980-2130 -
.58, ;531,354 - 11 Ga 44 1930-2115
59 524 348 . 10 . Ga 5.8, 1835-2100;
60 541 360 72 . Ge 27 . 1940-2105
6l T SITTO3s4 T T T de 4477 1850-2030
62 548 364 '73 iml Ge L5 ¢ 1955-2140
63 ;539 359 - 72v~ <Ge 3.0 .:1915-2105
64 . 531,354, B Ge, 4.4 .. 1865-2073
65 536 357 89”, - sx 18  1900-2015 .
66 U531 354 88 2.7 1810-1960
67 8 365 1.3 Si 1.4 “1870-2060
68, - 5645364 . 73 St 1.8 i .1860-2020
69 1 5:580 385 ., Ga 35  2100-2210 .
70 "55.8. 370 p.Ga 72 1935-2150
71 548" 36.3 ""' '‘Ga 89 1935-2125 .,
72 565 3T P BN G’ 5.8 ¢ 19502155
3. . 2549366 f-Ga 85  1930-2130 -
74 534 356 Ga 11.0...  1930+2110, .

Examples-1-23 show the meltmg ranges that are pro-

duced By the addition of varying amounts, of silver

alone to the palladium-nickel base-composition.

Example 24-32 show the melting ranges that are
produced by the addition of varying amounts of tin as
the sole additive to the palladium-nickel mixture. .

Examples 33-48 show the meltmg ranges that. are
produced by the addition of varying-combined amounts
of both silver and tin to the palladium-nickel mixture:

Examples 49-54 show the me]tmg ranges that afe
produced by the addition of varying amounts of indium
to the palladium-nickel mixture as the sole ingredient, as
a partial replacement for silver in a palladium-nickel-sil-
ver alloy, and as an additive to a palladlum-mckel sil-
verttin base alloy.

Example 55 shows the melting range that is produced
by the addition of 9.6% gold to a pallad1um-mckel -sil-
ver-tin base alloy.

Examples 56-59 show the melting ranges that are
produced by the addition of varying amounts of gallium
to a palladium-nickel-silver base alloy composition.
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Examplés 60-64 show the meltmg ‘fanges that are
produced by the addition of varying amounts of g germa-
fiiunrto a palladium-nickel-silver containing’ base alloy

"Examples 65-68 show the” meltlng ranges that are.
produced by the addition of varying amgunts of sﬂlconM
to a palladium-nickel-silver ‘containing ‘base metal aIloy

Examples 69-74 show the meltlng ranges that, are
produced by the addition of varying amoints of galllum
toa’ palladlum-mckel base alloy composrtron wh
the gallivm is essentlally the sole addltlve

‘The alloy according 'to thrs invention should contaln
a palladlum to nickel ratic by Welght of no less’ than“
0.9:1"and no gréater than 3.0:1 in order to obtain a sufﬁ-
ciently Tow meltmg pomt The preferred palladlum to’
" nickel ratio‘is about 1.5:1. ‘

“The minimum amount of palladlum requxred accord-
mg to this invention is about '39%. When'less than 39%
is used, the melting range of the resultmg alloy is in-’
creased beyond the useful limit: The maximum accept-’
‘able amount of palladrum is preferably limited to about
60%. due ‘to economic consrderatlons and to msure a'
sufficiently low ‘melting range. "~

‘Likewise, the effective amount of nickel requ1red for
the alloy of this invention is in the range’of 20%—47 5%.
At amounts above or below this range, the meltmg'

point ‘of the resulting’ alloy 1s substantlally 1ncreased ‘

beyond a useful limit.
In order to obtain a‘brazing alioy havmg the requlred
meltmg range, it is necessary to take proper precautlons

' t6-insure-that the amount ‘of impurities present in the, g
alloy is kept toa mmlmum In addltron to the’ requlred 3

elements outlined abové, various trace amounts of op-1
tional,' kiiown additive elements selected from_ several
categones may be’ present in the brazmg alloy accord- "
ing to-this invéntion. For examplé, known deoxidizers *

such as llthlum, aluminum, boron, silicon, manganese, N

indium, €tc. may ‘be added to the alloy 6’ réemove un-
warited oxygen-or oxides. Lithium is the preferred de—
oxidizer and may be added in tface amounts up to a”
‘maximum of ‘1%. However, it is preferred that the
amount ‘of lithium utilized be 0.5% or less. The other
deoxidizers mentioned above may l1kew1se be added 1n
sintilar minor amounts.

Other known additives such as gram reﬁners, namely
‘boron, rhemum, ruthemum, rhodmm, 1r1d1um and zrrco-
nium, etc. may be added to produce and mamtam grarn
sizé: These additives may be preseiit in the alloy compo-
sition in'an amount up'to 1% by werght but preferably
will be limited to less than 0.1% of the final brazmg
alloy composition.

When the soldering composition of the’ present mven- ;

tion is used for dental restorations and ‘the hke, the use
-of a proper flux is most important, and of course prop '

(1) The units to be soldered are placed in‘an approved
high heat investment or soldering investment.
(Special liquids’ for mixing shouid not be used as

*they * produce chémical setting expansmn) ‘The ™

joint gap distancé should approximate 0.3 mm. Best

- results are obtained when the walls of the Jomt a ea
are ‘parallel.” Y

(2) The material used to hold umts 1n place is borled

i

- off andwhile still warm a small amount, of sultable i

4 flux is placed in the joint. In carrymg out the pres-
“ent" “invention,” WILLIAMS HIGH FUSING
‘BONDAL FLUX was used. This flux prevents

" excéssive oxXide development when further heat is
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applied. The solder patty is placed in an oven and
the temperature is raised slowly to 800° F. (425° C.)
until all residue is eliminated. The patty is then
removed from the oven and allowed ‘to cool. A
light abrasive sand paper disc or strip is then run
through the joint to eliminate possible oxides de-
veloped during the burn-off cycle. The joint is then
fluxed lightly.

(3) A suitable gas-oxygen torch with a suggested
number 2 tip is used to preheat the solder accord-
ing to this invention in strip form to a dull red
color. The solder is dipped in flux and reheated in
the flame until a light “glass-like” cover is pro-
duced. Such pre-fluxing will aid in preventing the
solder from oxidizing when introduced into the hot
joint later.

(4) A hot, steady flame is introduced into the joint
area using a small circular motion with the torch to
provide even heat to both units being soldered. It is
crucial that this motion is not interrupted. The
technician should be prepared to complete the
solder joint before starting this procedure. The
circular heating motion is continued until flux is
observed to liquify and spread throughout the
joint,

(5) When both units to be joined are the same color
(bright red), the pre-fluxed solder strip is intro-
duced straight down into the joint. This procedure

10
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allows for the introduction of a small amount of 30

cold metal for the flame to heat and produces a
smoother action for completion.

(6) The circular heating motion is slowly ceased.
When the solder starts to melt, it is gradually fed
into the hot joint until completely filled, maintain-
ing a steady flame concentration at the joint area.

(7) The solder strip is then removed and approxi-
mately five seconds is allowed to elapse before the
flame is removed. The soldered unit is permitted to
bench cool before handling.

Where porcelain is to be applied to the dental restora-
tion after soldering, this is done according to standard
procedures well known in the art. One or typically
several porcelain firing or baking cycles with tempera-
tures up to about 1800° F. may be applied to the
soldered dental restoration using the brazing alloy ac-
cording to this invention without weakening the
soldered joint.

The high temperature brazing alloy of the present
invention retains the corrosion resistance properties
found in the nickel-chromium base alloys which it is
used to join and possesses strength properties and a
melting range compatible with both the parent alloy
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and available porcelain products. The brazing alloy of 55

the present invention does not cause discoloration of the
porcelain and does not sag when heated to porcelain
baking temperatures.

It is therefore apparent that the present invention
accomplishes its intended objects. While the present
invention has been described in detail for use in dental
applications, this is for the purpose of illustration only
and not limitation.

What is claimed is:

60
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1. A brazing alloy for joining chromium containing
base metal alloys, said brazing alloy having sufficient
strength and corrosion resistance to withstand subse-
quent heating to temperatures up to about 1800° F.
without undergoing any significant distortion or sag-
ging, consisting essentially of the following constituents
in the indicated percentages by weight: palladium about
39%-60%, nickel about 20%-47.5% and at least one
element selected from the group consisting of silver
0-35%, tin 0-32%, indium 0-32% and gallium 0-11%;
and optionally containing one or more elements se-
lected from the group consisting of gold 0-10%, germa-
nium 0-4.4% and silicon 0-2.9%.

2. A brazing alloy according to claim 1 consisting
essentially of the following constituents in the indicated
percentages by weight: palladium about 39%-60%,
nickel about 20%-47.5%, silver about 4.8%-35% and
at least one additional element selected from the group
consisting of tin 0-31.6%, indium 0-18.7% and gallium
0-11%; and optionally one or more elements selected
from the group consisting of gold 0-10%, germanium
0-4.4% and silicon 0-2.9%.

3. A brazing alloy according to claim 1 or 2, consist-
ing essentially of the following constituents in the indi-
cated persentages by weight: palladium about
39%-60%, nickel about 20%-47.5%, silver about
3.2%-35% and tin 0.3%-31.6% wherein the total of
said silver and tin is at least 3.5%.

4. A brazing alloy according to claim 1 consisting
essentially of the following constituents in the indicated
precentages by weight: palladium about 53.5%, nickel
about 35.6%, silver about 7.1%, tin about 3.8% and
lithium about 0.025%.

5. A brazing alloy according to claim 1 consisting
essentially of the following constituents in the indicated
percentages by weight: palladium about 39%-60%,
nickel about 20%-47.5%, silver about 4.8%-35% and
optionally one or more elements selected from the
group consisting of tin 0-31.6%, indium 0-18.7%, gal-
lium 0-11%, gold 0-10%, germanium 0-4.4% and sili-
con 0-2.9%.

6. A brazing alloy according to claim 1 consisting
essentially of the following constituents in the indicated
percentages by weight: palladium about 39%-60%,
nickel about 20%-47.5% and silver about 4.8%-35%.

7. A brazing alloy according to claim 1 consisting
essentially of the following constituents in the indicated
percentages by weight: palladium about 39%-60%,
nickel about 20%-47.5% and tin about 4.4%-31.6%.

8. A brazing alloy according to claim 1 consisting
essentially of the following constituents in the indicated
percentages by weight: palladium about 39%-60%,
nickel about 209%-47.5% and indium about 6%-18.7%.

9. A brazing alloy according to claim 1 consisting
essentially of the following constituents in the indicated
percentages by weight: palladium about 39%-60%,
nickel about 20%+47.5% and gallium about 3.5%-11%.

10. A brazing alloy according to claim 1 which is
suitable for having porcelain fired thereon.

11. A brazing alloy according to claim 10 which
contains about 0.025% of a known deoxidizer.

12. A brazing alloy according to claim 11 wherein the

deoxidizer is lithium.
- % * £ * *



